In this paper, we prove some fixed point theorems for generalized multivalued mappings by using the 
Introduction and preliminaries
Since the concept of cone metric space was introduced by Huang and Zhang [8] , many fixed point theorems have been proved in normal or non-normal cone metric spaces by some authors; see [1-5, 9-11, 17-20] and references contained therein.
In this paper, we prove several fixed point theorem by c-distance [21] on cone metric spaces. Our results improve and generalize the corresponding ones ofĆirić [6] , Feng and Liu [7] , Klim and Wardowshi [12, 13] , Latif and Abdou [14] , Mizoguchi and Takahashi [16] .
In the following, we introduce some necessary concepts which will be used in the next section. Let E be a real Banach space and θ denote the zero element in E. A cone P is a subset of E such that (i) P is nonempty closed and P = {θ};
(ii) if a, b are nonnegative real numbers and x, y ∈ P , then ax + by ∈ P , (iii) P ∩ (−P ) = {θ}. For any cone P ⊂ E, the partial ordering with respect to P is defined by x y if and only if y − x ∈ P . The notation x ≺ y stands for x y, but x = y. Also, we use x y to indicate that y − x ∈ intP , where intP denotes the interior of P . A cone P is called normal if there exists a number K > 0 such that θ x y =⇒ x ≤ K y for all x, y ∈ E. The least positive number K satisfying the above condition is called the normal constant of P .
Using the notations, we have the following definition of a cone metric space.
Definition 1.1. ([8])
Let X be a nonempty set and E be a real Banach space equipped with the partial ordering with respect to the cone P ⊂ E. Suppose that the mapping d : X × X → E satisfies the following conditions: c for all n > N, then {x n } is said to be convergent to x and the point x is the limit of {x n }. We denote this by x n → x.
(2) For all c ∈ E with θ c, if there exists a positive integer N such that
c for all m, n > N, then {x n } is called a Cauchy sequence in X. (3) A cone metric space (X, d) is said to be complete if every Cauchy sequence in X is convergent.
The concept of c-distance was introduced by Wang and Guo [21] , which is a generalization of cone metric d.
(q4) for all c ∈ E with θ c, there exists e ∈ E with θ e such that q(z, x) e and q(z, y) e implies d(x, y) c.
For the examples of c-distance, we refer the authors to [21] .
) be a cone metric space and q be a c-distance on X. Let {x n }, {y n } be sequences in X and let x, y, z ∈ X. Suppose that {u n } is a sequence in P converging to θ. Then the following hold:
Main results
Let (X, d) be a cone metric space and q be a c-distance on X. Let A be a nonempty subset of X and fix x ∈ X. Since 0 ≤ q(x, y) for any y ∈ A, inf y∈A q(x, y) exists. In this section, we denote inf y∈A q(x, y) by Q(x, A).
The following lemma generalizes Lemma 2.2 of Lin and Du [15] , which is crucial for the proofs of our results. Lemma 2.1. Let (X, d) be a cone metric space and q be a c-distance on X. Let A be a closed subset of X. Suppose that there exists 
Then there exists
Proof. Let x 0 ∈ X be an arbitrary point. Then there exists
Continuing this process, we get an orbit {x n } of T in X such that, for each n ∈ N ∪ {0},
Since ϕ(f (x)) < 1 for all x ∈ X, from (2.2), it follows that, for each n ∈ N∪{0},
Therefore, there exists δ ≥ 0 such that
Now, we show that δ = 0. Suppose that δ > 0. Then, taking the limit as n → ∞ in (2.2), we get
which is a contradiction. Thus δ = 0, that is,
From the condition (a), we have a < 1. Let b ∈ (a, 1). Then there exists n 0 ∈ N such that, for all n > n 0 ,
and so, from (2.2), it follows that, for all n > n 0 ,
and so, by induction, for all n > n 0 ,
Now, since ϕ(t) ≥ k > 0 for all t ∈ [0, ∞), it follows from (2.2) and (2.5) that, for all n > n 0 ,
Next, we prove that {x n } is a Cauchy sequence in X. For all m, n ∈ N with m > n > n 0 , we have
and hence by (2.6), (a) there exist k ∈ (0, 1) and a function ϕ : P → [k, 1) such that, for any {r n } ⊂ P with r n+1 r n for each n ≥ 1,
Proof. For the dynamic process {x n }, by (a) and (b) we have
for each n ≥ 1. Thus, {q(x n , x n−1 )} is a decreasing sequence. Since P is regular, {q(x n , x n−1 )} is convergent. Now, from the condition (a), there exist b ∈ (0, 1) and n 0 ∈ N such that ϕ(q(x n , x n+1 )) < b for all n > n 0 . Hence, from (2.7), it follows that, for all n > n 0 ,
Hence, for any m, n ∈ N with m > n ≥ n 0 , it follows from (2.8) that (2) of Lemma 1.4 we conclude that {x n } is a Cauchy sequence in X. Since X is complete, there exists v 0 ∈ X such that x n → v 0 as n → ∞.
On the other hand, from (2.8) we have
where K is the normal constant. Now,noting that f is D(T, x 0 )-dynamic lower semi-continuous at v 0 , by (2.10) we get
. This completes the proof.
The following corollary is obvious and we omit the proof.
Corollary 2.5. Let (X, d) be a complete cone metric space with a regular cone P and q be a c-distance on X. Let T : X → X be a single-valued mapping. Assume that there exists x 0 ∈ X and λ ∈ [0, 1) such that 
Then the dynamic process {T

